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Specification 



1. Title of the Invention: ; ^ 

METHOD OF MANUFACTURING A THIN FILM SEMICONDUCTOR DEVICE 

2. Scope of the Claim for Patent; 

1. A method of manufacturing a thin film semiconductor 
device formed on a insulative substrate, the method comprising 
forming a silicon oxide film on a 'semiconductor film forming 
a thin film semiconductor device , then irradiating light through 
the film thereby annealing the semiconductor film and using 
the silicon oxide film in a light irradiation region as it is 
as a gate insulation film. 

2. A method of manufacturing a thin film semiconductor 
device formed on a insulative substrate, the method comprising 
forming a silicon oxide film on a semiconductor film forming 
a thin film semiconductor device, at a thickness within a range 
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of 1000 A or more and 2000 A or less, and the film thickness 
being : 

X 

x n ± 200 A (n = 1, 2, 3, ...) 

5.94 

where A, is a wavelength of light to be irradiated, then 
irradiating light at the wavelength X described above through 
the film thereby annealing the semiconductor film and using 
the silicon oxide film in the light irradiation light as it 
is as a gate insulation film. 

3. A method of manufacturing a thin film semiconductor 
device formed on a insulative substrate, the method comprising 
forming a silicon oxide film with a thickness of 1300 A or more 
and 1700 A or less on a semiconductor film forming a thin film 
semiconductor device, then irradiating a light at a wavelength 
of 308 nm through the film thereby annealing semiconductor film 
and using the silicon oxide film in the light irradiation region 
as it is as a gate insulation film. 

4. A method of manufacturing a thin film semiconductor 
device according to claim 2 , wherein the semiconductor film 
is a silicon film. 

3. Detailed Description of the Invention 
[Industrial Field of Use] 

The present invention concerns a method of manufacturing 
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a thin film semiconductor device using an energy beam and, 
particularly, it relates to a photo-process , for example, laser 
annealing. 
[Prior Art] 

Heretofore, as described in JP-A No. 62-206813, a 
semiconductor layer of a thin film transistor is recrystallized 
by beam annealing while disposing a protection film to the 
semiconductor layer such that impurities in air are not intruded . 
After the annealing, the protection film is removed and a gate 
insulation film is disposed to form a gate film. In this case, 
the protection film is required to have characteristics of: 
® good transmit tance for an energy beam, 

® having anti-reflection function to the energy beam, 
® good wettability with the substance of the semiconductor 
layer to be recrystallized, and 
® easy removal after annealing. 

For this purpose, Si0 2 , SiN, W film and the like are 
generally used. 

Further, the gate insulation film is required to have 
characteristics of : 

® sufficient insulation withstanding voltage, 

® capable of forming good boundary with respect to the 
semiconductor layer such as good wettability with the substance 
of the semiconductor layer to be recrystallized. 

For this purpose, Si0 2 is most generally used. 
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[Problems to be Solved by the Invention] 

The protection film against laser irradiation and the 
gate insulation film adopt material and film thickness thereof 
in accordance with the respective purposes . Accordingly, films 
are formed by separate processes. As a result, it involves 
a problem requiring a number of processes. Further, in the 
etching step for the protection film, it involves a problem 
such as damages to the semiconductor layer and contamination 
by etching. 

An object of the present invention is to decrease the 
number of processes by making the protection film and the gate 
insulative film into one identical film, and to provide a clean 
semiconductor- insulative film boundary and eliminating the 
etching step for the protection film. 

Another object of the present invention is to provide 
a voltage withstanding gate insulation film while keeping the 
efficiency of photo-irradiation at a maximum level by properly 
selecting the film thickness. 
[Means for the Solution of the Problems] 

For attaining the foregoing objects , the following means 
are adopted. 

That is, a silicon oxide film of 1300 A or more and 1700 
A or less is formed on a semiconductor film layer to be annealed 
and is used as a gate insulation film. 

This is a method of irradiating UV- light at a wavelength 
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of 308 nm through a silicon oxide film thereby annealing a 
semiconductor film layer, using the silicon oxide film as 
protection for laser light irradiation damages then disposing 
a gate electrode on the insulation film and using the silicon 
oxide film in laser irradiation region as it is as a gate 
insulation film. 
[Function] 

The function of the present invention is to be described. 

Various impurities are adsorbed on the surface of the 
semiconductor film and, when the semiconductor film is deposited, 
the impurities form a boundary energy level between the 
semiconductor and the insulative material. However, when the 
semiconductor laser is annealed by a laser, impurities near 
the boundary diffuse in the direction of the semiconductor 
thickness to decrease the probability of trapping carriers 
induced on the semiconductor-dielectric boundary by MOS 
structure. Accordingly, the carrier mobility increases and 
the threshold voltage of the transistor is lowered. Then, when 
the Insulative film is removed by etching and a gate insulation 
film is newly deposited, the semiconduc t or - insulat ive film 
boundary is not only damaged by etching but also Incorporated 
with impurities again. Accordingly, the carrier mobility 
decreases and the threshold voltage of transistor increases. 

When a laser light is irradiated through a silicon oxide 
film to a semiconductor film, the intensity of light reaching 
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the semiconductor layer changes by the interference effect. 
The interference effect depends on the wavelength of the incident 
light, optical coefficients of silicon oxide and semiconductor 
film and the thickness of the silicon oxide. 

In a case of irradiating a light at a wavelength of 308 
nm in perpendicular to the film, there are the following 
relations between the thickness (d) of the silicon oxide and 
the intensity of light ~(T) reaching the surface of the 
semiconductor film ( transmit tance of the silicon film) as shown 
in Fig. 2 . 

The condition for maximizing T is: 
d = 520 x (1 + 2N) A; 
N = 0, 1, 2, ... 

The condition, for minimizing T is: 
d = 1040 x A; N = 0, 1, 2 ... 

That is , the efficiency of the light irradiation is highest 
at the thickness (d) of the silicon oxide film of 520 A, 1560 
A. Further, considering the computation accurady, it is within 
a range of: 500 A < d < 750 A and 1300 A < d < 1800 A range, 
respectively . 

On the other hand, in a case of TFT constituted with 
polycrystal silicon, the gate voltage is about 10 to 50 V. For 
avoiding insulation breakdown at the voltage, the gate 
insulation film may be silicon oxide of 1200 A to 1700 A. In 
addition, it has been found that the threshold voltage is not 
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increased by so much. 

From the f oregoings , functions for both of the protection 
film and the gate insulation film can be obtained by forming 
silicon oxide to 1500 ± 200 A on a silicon film as a common 
film for the light irradiation protection film and the gate 
insulation film, irradiating a laser light at 308 nm thereon 
to provide a gate film. Further, the number of process can 
be decreased by one by making the protection film and the gate 
insulation film into one film. 
[ Example ] 

An example of the present invention is to be described 
with reference to Fig. 1. As shown in Fig. 1, after depositing 
an amorphous silicon film (2) at ai thickness of about 1500 A 
by an LPCVD method, on a glass substrate ( 1 ) having a strain 
point of 580°C, the silicon film was cut by a hot etching step. 
A silicon oxide film (3) was deposited by 1560 A on the silicon 
film by an APCVD method. An excimer laser at a wavelength of 
308 nm was irradiated at an intensity of 300 mJ/cm 2 onto the 
the silicon oxide film (3) to anneal the amorphous silicon film 
(2) . In this case, as shown in Fig. 2, the light transmittance 
of the laser light is highest when the thickness of the silcon 
oxide film on the amorphous silicon film is 1300 A or more and 
1800 A or less . Accordingly, the silicon film could be annealed 
efficiently. 

Then, as shown in the cross sectional structural view 
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of a thin film transistor in Fig. 3, the silicon oxide film 
3 is used as it is as a gate insulation film, and an LPCVD silicon 
film is deposited by 1000 A (34) for use as a gate electrode, 
A device portion is formed by a hot etching step and P ( phosphorus ) 
is given at a dose of 5 x 10 5 under an energy of 30 keV by an 
ion implanting method. After forming a capping film (35) by 
1000 A thereon, impurities in source (31) and drain (32) are 
activated at 600°C for 24 hours. Subsequently, Al wirings (36) 
are formed and a transparent electrode ITO is deposited. A 
liquid crystal display TFT is formed by a hot etching step. 

In the example described above, the wavelength for the 
irradiation light is set at 308 nm but the invention is usable 
also for the light of other wavelength than described above. 
For example, in a case of a KrF laser at a wavelength of 248.4 
nm, the optimal thickness of the silicon oxide film is 1200 
A or more and 1400 A or less. 

Further, in the example described above, the 
semiconductor layer (2) to be recrystallized was formed of a 
silicon film but it may be a semiconductor layer formed of other 
optional suitable materials. 
[Effect of the Invention] 

According to the present invention, since the laser 
irradiation protection layer and the gate insulation film can 
be made into an identical film, the number of processing steps 
can be reduced. 
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Further, since the etching step for the laser irradiation 
protection film is eliminated, it can eliminate the possibility 
of damaging the semiconductor layer and causing contamination 
given by the step. 

Further, since the thickness of the silicon oxide film 
is made to 1300 A or more and 1700 A or less, that is, to a 
thickness for the optional light transmit tance by utilizing 
the light interference effect, the energy of photo -Irradiation 
can be utilized to the utmost degree. 

4 . Brief Description of the Drawings 

Fig. 1 is a cross sectional view of a film constituting 
a semiconductor upon laser irradiation showing the present 
invention. Fig. 2 is a view illustrating a relationship between 
the thickness of silicon oxide (Si0 2 ) film formed on a silicon 
film and the intensity of transmission light at a wavelength 
of 308 nm that transmits the film. Fig. 3 is a cross sectional 
structural view of an embodiment applying the present invention 
(TFT) . 

2 --- protection film, silicon oxide film as protection film 

and gate insulation film 

4 laser light 

34 gate electrode film 
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Fig. 1 

1 glass substrate 

2 silicon film 

3 silicon oxide film 

4 laser light 

Fig. 2 

Si0 2 transmission light intensity (X = 307 nm) 
Silicon oxide film thickness (A) 

Fig. 3 

31 source 

32 drain 

33 channel region 

34 gate electrode film 

35 passivation film 

36 aluminum electrode 
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ABSTRACT 
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